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MORE THAN 140 MILLION PERSONS live permanently at high altitude (HA) (Ͼ2,500 m) in North, Central, and South America; East Africa; and Asia (16) . Approximately 9 million people in Peru (30% of the population) live at high altitude (HA) (16) . Some previous data have shown that the incidence of low birthweight, stillbirth, and neonatal mortality rates are higher at HA in Peru (16) . Most populations living at HA in Peru characteristically have an increase of hemoglobin level (48) due to the effect of hypoxia as a mechanism of compensation. Elevated hemoglobin at HA has also been seen in Tibet (2, 63) . The World Health Organization (WHO) has proposed that hemoglobin values should be adjusted for altitude (61, 62) . With this adjustment, the cutoff hemoglobin value to define anemia increases as altitude increases (62) .
Both low (Ͻ7 g/dl) (31) and high (Ͼ14.5 g/dl) (25, 36, 53, 55) maternal hemoglobin levels have been related to poor fetal outcome at low altitude. Severe anemia (hemoglobin Ͻ7 g/dl) has been associated with late stillbirth, preterm deliveries, and small for gestational age (SGA) (31) . It is not known whether these same relationships occur at high altitude (Ͼ2,500 m).
Iron supplementation is a common treatment for women with low hemoglobin levels (50) . Hemoconcentration is common in women who receive daily iron supplementation (5, 47) . A Cochrane review of randomized trial of iron supplementation in nonanemic women during pregnancy, carried out almost exclusively among women living at sea level, was inconclusive about whether supplementation affected either maternal or fetal outcome (29) . However, some more recent studies not assessed in the Cochrane review have shown an adverse effect of supplementation. In one study of nonanemic women supplemented daily with iron, some hemoglobin values increased to more than 14.5 g/dl, and these values were associated with low-birth weight and preterm deliveries (5) . One recent randomized trial of iron supplementation has shown increased risk of preterm birth for supplemented women (66) . Other studies have also found a high risk of perinatal mortality (31) , small for gestational age (SGA) births (53) , stillbirths (55) , and preterm births (25) for women who had high hemoglobin levels in pregnancy. All of these studies were conducted at low or moderate altitude.
The present study has been designed to determine the maternal hemoglobin levels at which adverse perinatal outcomes are observed at both low altitude (LA) and HA. Our a priori hypothesis was that both low and high hemoglobin levels might increase risk at both altitudes. Furthermore, we wished to know whether the known negative effect of HA on reproductive outcome (42) exists independently of maternal hemoglobin levels. To our knowledge, there are no published data on this question.
We have used a large Peruvian database with data to study pregnancy outcomes (stillbirths, preterm, and SGA births) in relationship to maternal hemoglobin in six large cohorts of women living in high altitudes, ranging from 3,070 m to 4,340 m. Data from Lima, a population located at 150 m altitude, are also presented.
MATERIAL AND METHODS

Data sources.
This study is an analysis of data from the Perinatal Information System (PIS) database in seven urban public hospitals belonging to the Ministry of Health in Peru. This database includes data on reproductive outcome, maternal hemoglobin, and maternal socio-economic characteristics. The seven hospitals are located in cities at different altitudes ranging from 150 to 4,340 m (Table 1) . Data were obtained at each place of study from 2003 to 2006; data were not available prior to that date. The Institutional Review Board at the Universidad Peruana Cayetano Heredia (Lima, Peru) approved the study (Code 51827). The Peruvian Ministry of Health also approved the study.
Data from a total of 37,377 mothers were recorded from the seven hospitals. All of these hospitals serve people of low socioeconomic status.
The database includes all deliveries in each hospital. Most of the mothers live in the city in which hospitals are located. At HA, only about 4% came from outside the city and lived at a different altitude from that of the respective city; in these cases, the altitude of their residence differs by only Ϯ 600 m from the city's altitude.
The study was restricted to single births with gestation ages of 22 wk or above. We removed from the study population 320 births with gestational age below 22 wk because they were defined as miscarriages, 321 multiple gestations in a single pregnancy, and 1,287 pregnancies with missing information, including lack of hemoglobin values and clearly erroneous or discordant data. The final study population included 35,449 births with complete information on all covariates: 8,409 were from Lima (low altitude) and the remainder were from HA cities.
The percentage of women included more than once in the database was 1.6% (multiple births). To determine the impact of women included more than once, we analyzed the data using only first births. Results did not change. Therefore, we dropped this restriction.
Dependent variables. The dependent variables were the following adverse reproductive outcomes: stillbirths, preterm births, and SGA births. Stillbirth was defined as the birth of a fetus at gestational age of 22 wk or later that showed no signs of life after parturition. The time of fetal death was attributed to the week of birth of the stillborn infant (8) . Primary cause of fetal death was not available in the database. Most of the cases belong to the category of antepartum fetal deaths; 13% were classified as intrapartum deaths.
Preterm births were defined as birth at a gestational age below 37 wk. Gestational age was estimated from the date of the last menstrual period (LMP) (1, 2) . Only infants whose calculated gestational age agreed within 2 wk with that obtained after physical examination were included. Discordant data were observed in 98 cases (0.28%), and these were excluded.
SGA (small for gestational age) was defined as birth weight below the 10th percentile for gestational age using the Latin American Center for Perinatology (CLAP) standard. This is a Latin American chart of reference elaborated by CLAP, Uruguay (6) .
Independent variables. The main independent variable was first maternal hemoglobin value. This value could have occurred at either the first, second, or third trimester. We used the first available hemoglobin measurement in our analyses. Table 1 shows the available hemoglobin data. Women were sampled on the average at 10.73 Ϯ 1.12 wk (mean Ϯ SD), 19.36 Ϯ 3.48, and 34.25 Ϯ 4.27 for first, second, and third trimester, respectively. Generally, hemoglobin values dropped slightly from first to third trimester in all cities. We controlled for time of hemoglobin (Hb) measurement via inclusion of a variable for trimester of Hb measurement in the model. There were no clear trends of change in Hb week to week within trimester, making a variable for "week" unlikely to act as a confounder for Hb. When we included a categorical variable for week within trimester in some models, indeed "week" did not affect the estimated effects (ORs) of hemoglobin or high altitude, which were the parameters of interest. Therefore, we did not control for week of measurement within trimester.
We first considered hemoglobin as a categorical variable in logistic regression analyses, in which the outcome was a yes/no variable. Hemoglobin categories for analyses combining births at low and high altitude were Ͻ9, 9 -10.9, 11-12.9, and Ͼ13 g/dl (the usual cutoff hemoglobin value to define maternal anemia is 11 g/dl) (38) . High hemoglobin values in pregnant women were defined as Hb values over 14.5 g/dl (5, 53) . These same cutoff values were used at low and high altitude for categorical analyses. The categorization of hemoglobin in these analyses permitted us to evaluate traditional cut-off values for hemoglobin and avoided assuming any particular parametric exposure-response function. Analyses of low-and high-altitude births combined included a variable for high vs. low altitude.
Other independent variables were maternal age, maternal education, marital status, prior stillbirth or preterm birth, prenatal care, parity, maternal body mass index, placental abruption, and gestational hypertension in the current pregnancy. These variables were chosen to include in logistic regression models with the main variable of Values are expressed as means Ϯ SD; n ϭ number of subjects. *ANOVA P Ͻ 0.001. Scheffé test P Ͻ 0.001 between all trimesters. interest, maternal hemoglobin, because they were of a priori concern and because they proved to be significant predictors (P Ͻ 0.05) for at least one of the three outcomes of interest and with the exposure of interest, and hence, they were potential confounders. For simplicity these same set of covariates were included in the logistic regression model for all three outcomes.
Maternal age was defined as completed years at time of delivery, and characterized as Ͻ20, 20 -34, and Ͼ34 years. Maternal education was stratified as no education, some primary education, some secondary education, including high school graduation, and more than secondary education. Marital status was defined as married, consensual union, and single (including widow and divorced). Maternal height and prepregnancy weight were recorded at the woman's first antenatal visit or during delivery in meters and kilograms, respectively. The body mass index (BMI) was calculated as prepregnancy weight in kilograms divided by height (meters) 2 . Parity was defined as the number of previous births, including stillbirths. Parity was stratified as none, 1-3, and Ͼ3 births. According to the Handbook of Maternal Children Care of the Peruvian Ministry of Health, prenatal care was considered as none, little (1-5 visits), and adequate (Ͼ5 visits) (17a). Prior infant death or preterm birth was dichotomized as 1 if the woman had a stillbirth or early neonatal death (perinatal mortality) or if the woman had a previous preterm birth, and 0 if not. History of previous SGA or gestational hypertension was not available in the database.
Smoking was not considered since less than 1% of women reported smoking. Placental abruption, a syndrome that occurs in the third trimester of the pregnancy or during labor, is the main cause of late pregnancy bleeding, and it is also responsible for a high-stillbirth rate (44), so it was also included as independent variable (0/1). Only 0.4% of women had placental abruption.
Statistical analysis. Data were analyzed using the STATA program (Stata ver. 8.0) for personal computer (Stata, College Station, TX).
The principal method of analyses was logistic regression in which the outcomes (stillbirths, SGA, and preterm deliveries) were regressed on hemoglobin (categorized), and the covariates described above, for women at high and low altitude were combined. A dichotomous variable for high vs. low altitude was also included in these models. Logistic regression models result in odds ratios (ORs), which are the ratios of odds of the outcome in an exposed group vs. a nonexposed group (e.g., the odds of SGA at high altitude vs. low altitude).
We also ran some analyses separately for low altitude (Lima) and for the HA cities as a group.
As noted above, we used first hemoglobin measurement as our predictor variable, including an indicator variable for trimester, in which hemoglobin was measured. Grouping the six HA cities together was done after city-specific analyses showed that they were similar regarding the effect of hemoglobin on adverse outcome, and to increase the stability of the estimated effects by avoiding small numbers in some cities.
Because of sparse data for some outcomes for women at LA with hemoglobin below 7 g/dl and above 13 g/dl, in logistic regression analyses, including both LA and the HA cities, we included only four categories of hemoglobin, Ͻ9, 9 -10.9, 11-12.9, and Ͼ13 g/dl. In supplemental analyses focusing more specifically on the high-altitude cities, we included more categories of hemoglobin values [Ͻ7 g/dl; 7 to Ͻ9 g/dl; 9 to Ͻ11 g/dl; 11 to Ͻ13 g/dl (reference); 13 to Ͻ14.5 g/dl; 14.5 to Ͻ15.5 g/dl, and Ն15.5 g/dl]. The three first categories correspond to the definition at sea level of severe, moderate, and mild anemia (11), respectively.
We also ran some logistic regression analyses, in which hemoglobin was categorized by each unit of hemoglobin, i.e., separate categories were created for hemoglobin levels of 7, 8, . . . . 18, with 11 as the referent group. The same covariates were included as in prior analyses. Odds ratios for each adverse outcome for each of these hemoglobin levels were then plotted against the hemoglobin levels, and results are presented graphically. In addition, we fitted a simple quadratic model to these points, and the resulting quadratic curves are also presented in the graphs. CI 95%, 95% confidence interval; SGA, small for gestational age. n ϭ number of subjects with the characteristic.
Significance was considered to be at P Ͻ 0.05 for all statistical analyses. Confidence intervals are also presented.
RESULTS
Characteristics of the populations at low and at high altitudes. Pregnant women at high altitude had higher hemoglobin values (P ϭ 0.001), lower education (P ϭ 0.001), a higher proportion of subjects with normal BMI (P ϭ 0.006), higher parity Ն4 (P ϭ 0.001), more antenatal care (P ϭ 0.001), and higher rate of previous stillbirths or preterm births (P ϭ 0.001) than women residing at LA (150 m) ( Table 2) .
Rate of gestational hypertension was 3.3% [confidence interval, CI: 2.90 -3.67%) at LA and 3.5% (CI: 3.31-3.75%) at HA (P Ͼ 0.05)]. Twenty cases (0.05%) of ante partum hemorrhage were observed in the overall population studied. All cases were associated with stillbirths. Abruptio placentae were observed in 122 mothers (0.35%). No differences were observed in these two variables between LA and HA (P Ͼ 0.05).
Proportion of low (Ͻ11 g/dl) and high maternal hemoglobin levels (Ͼ14.5 g/dl), stillbirths, preterm deliveries, and SGA at low and at high altitudes, and for all women combined. The proportion of low hemoglobin values (Ͻ11 g/dl) for all women combined was 11.5% (CI: 11.2-11.8%) but markedly higher in LA (33.3%, CI: 32.3-34.3%) than in the HA cities (3.0 -7.2%) ( Table 3 ). The proportion of high hemoglobin values (Hb Ͼ 14.5 g/dl) increased markedly in HA compared with sea level, although there was still considerable variation at HA (Table 3) . Mean birthweight was lower in all cities at HA than at LA.
Proportions of stillbirths, preterm deliveries, and SGA were higher at HA than at LA ( Table 3) .
Risk of still births, preterm and small for gestational age deliveries, according to maternal hemoglobin value for all women combined. Table 4 reports the results for analyses of low-and high-altitude births combined. Using four categories of hemoglobin, there were increased risks for all three adverse outcomes at low hemoglobin levels. There was also a significant independent adverse effect of living at HA for all three n ϭ number of cases with fetal adverse outcome. *Previous perinatal death and/or preterm births. Marital status was also included in the model but it has no impact on the outcome. Then, it was removed. OR, Odds ratio; CI 95%, confidence interval at 95%; BMI, body mass index. outcomes, after adjusting for hemoglobin level. Odd ratios (CI) were 3.9 (CI: 2.8 -5.2), 1.7 (CI: 1.5-1.9), and 2.3 (CI: 2.1-2.5) for stillbirths, preterm deliveries, and SGA, respectively (Table  4) . Importantly, interaction terms between hemoglobin and altitude analyzed in the model did not show statistical significance (P value ϭ 0.10).
In finer categorical logistic models using each unit of hemoglobin as a category, again combining data from LA and the HA cities and including all covariates, as in Table 4 , a Ushaped curve effect for hemoglobin was observed (Fig. 1) for all three outcomes. These figures suggest, as a general rule, that maternal hemoglobin above 11 g/dl, but below 13 g/dl, is the level of minimal risk of poor adverse outcomes for all three outcomes. The R-squares for quadratic curves fit to the points in these figures were quite high for all three outcomes, indicating the good fit of the quadratic model.
Risk of still births, preterms, and small for gestational age, according to maternal hemoglobin value in separate analyses
of women living at low and high altitude. The risk of stillbirths at LA increased when Hb was below 11 g/dl, whereas the risks of preterms and SGA increased when Hb was below 9 g/dl (Table 5) . No cases with Hb Ͼ14.5 g/dl were observed for stillbirths and no cases with Hb Ͼ15.5 g/dl were observed for preterms and SGA at LA. Virtually no women at LA had very high hemoglobin levels.
To further explore the effects of high hemoglobin, we then ran a separate model for the HA cities only (Table 6) , with more detailed categorization of hemoglobin, especially for high hemoglobin levels, which were very few at low altitude. Again, low Hb values of Ͻ7 g/dl, 7-9 g/dl, and 9 -10.9 g/dl had significant risks for adverse events for stillbirths and preterm births. Furthermore, hemoglobin levels above 15.5 g/dl showed a significantly increased risk for all three outcomes, and levels Ն 13.0 g/dl showed significantly increased risk for SGA birth (Table 6) .
DISCUSSION
The present study demonstrated a U-shaped curve of increased risk by hemoglobin level for adverse birth outcomes (stillbirths, preterm deliveries, SGA), for births at low and high altitude combined. The pattern of increased risks due to low hemoglobin did not differ significantly between low and high altitudes. The optimal hemoglobin level, with the lowest risk, was between 11 and 13 g/dl.
We also found strong evidence of increased risk for all three reproductive outcomes for women living at HA vs. women living at LA, independent of any effects of hemoglobin. To our knowledge, this is the first such finding in the literature after controlling for the effect of hemoglobin. However, it has been well established by many previous studies that HA was associated with reduced fetal growth, as manifested by reduced mean birth weight and increased risk of SGA, based on a sea-level reference (17, 20, 34, 35, 37, 39, 56, 65) . In all of these previous studies, the maternal hemoglobin value was not controlled.
Our results suggest that part of the reduction in birthweight at high altitude was due to aberrant hemoglobin values and partly due to an independent effect of high altitude. The reduction in fetal weight at high altitude is generally thought to be the result of the "brain sparing" effect of fetal hypoxia (30) , due, in turn, to uteroplacental ischemia and/or reduced oxygen or other nutrient delivery, and the consequent stunting of fetal postcranial growth. Neonatal mortality is increased (under conditions of similar medical care) at high altitude, and there is abundant literature at low altitude, indicating that lowering birth weight raises mortality risk (32, 57) . These two observations suggest that the reduction in fetal growth at high altitude is not adaptive. Our results demonstrate that increases in hemoglobin values are highly associated with low birth weight (higher rate of SGA) at high altitude. High maternal hemoglobin levels seem to be related to low uterine arterial blood flow. A low uterine arterial flow results in reduced oxygen delivery to the fetus (21) . Thus, our results demonstrate that high hemoglobin at high altitude is also not adaptive.
Our study had significant strengths, including large sample size at both low and high altitudes, and detailed data on outcomes, on hemoglobin, and on relevant covariates. Fig. 1 . A: odds ratios (OR) for stillbirths according to maternal hemoglobin levels in populations at sea level and at high altitude combined. B: OR for preterm births according to maternal hemoglobin levels in populations at sea level and at high altitude. C: OR for small for gestational age according to maternal hemoglobin levels in populations at sea level and at high altitude combined.
One potential problem with this study concerns gestational age assessment, which was based on LMP. Ultrasound has been established as the gold standard. However, in small infants ultrasound may result in assignment of incorrect lower gestational age (18, 40) . Furthermore, ultrasound and LMP estimates of gestational age have been shown to be highly correlated. For example, estimated preterm birth rates using LMP-based estimated vs. ultrasound estimates were, respectively, 8.7% and 7.9% in California (12) . In our study, we found overall singleton preterm birth rates of 8.3% for the period [2003] [2004] [2005] [2006] . It is common to use LMP in large reproductive studies since ultrasounds are often not available for large populations.
Below we discuss the importance of our two main findings, a similar effect of low hemoglobin at low and high altitude, and an increase in risk of adverse outcome at high altitude independent of hemoglobin.
The finding of no important difference in risks by hemoglobin level for women at low and high altitude is important in light of suggestions that anemia should be defined differently at high altitude, and the possible use of iron supplementation during pregnancy (5) to treat anemia. Our findings indicate no such changed definition of anemia is necessary at high altitude.
On the basis of our data, significant increased risks for all three outcomes occur for hemoglobin below 9 g/dl, suggesting that this traditional cutoff to define moderate anemia is an appropriate definition of anemia, at both high and low altitude.
Iron supplementation to correct supposed anemia at high altitude involves risks. Daily iron supplementation to nonanemic women has been shown to result in values of hemoglobin over 14.5 g/dl (5). It has been suggested that high hemoglobin restricts intrauterine growth as a consequence of high blood viscosity (55) . The increased viscosity may reduce blood flow within the placenta. A number of studies have found high hemoglobin to be associated with adverse reproductive outcome (5, 25, 42, 53, 55, 66) , similar to our own findings at high altitude. Experimental studies in pregnant mice with excessive erythrocytosis produced poor arteriogenesis and uterine perfusion, resulting in a lower number of pups. These effects were reversed after reduction of the excessive erythrocytosis (14) .
Most populations living at high altitude show an increase in Hb concentration as a compensation mechanism to the effect of hypoxia (48) . Considering this situation, the World Health Organization (WHO) has proposed that Hb values should be adjusted for altitude (61, 62) . The first equation to correct Values are adjusted by age, educational status, body mass index, parity, gestational hypertension, health care, and previous perinatal mortality. n ϭ number of cases with fetal adverse outcome. Rate is expressed as a percentage. Trimester of gestational age at first hemoglobin measurement was controlled.
hemoglobin in defining anemia at high altitude was performed using data from Peruvian men at high altitudes (19) . Currently, there are several suggested cutoffs to define anemia at high altitude (3, 10, 13, 19, 58, 64) .
Cohen and Haas (7), using hemoglobin correction factors, have estimated the prevalence of iron deficiency anemia in pregnant women residing at high altitudes in Bolivia. However, there are no findings that show that these changes in the cut-off of hemoglobin to define anemia are effectively related with any clinical problem. On the contrary, previous data indicate that populations at HA are not lacking in iron (9, 49) . In adult Bolivian women, body iron measurements indicated that only 5.7% had tissue iron deficiency severe enough to produce anemia (9) .
Our SIP database had no information about consumption of iron during pregnancy. However, an increase of at least 1 g/dl in hemoglobin after 1 or 2 mo of supplementation is indicative of iron deficiency (62) . According to data in Table 1 , almost all data from the study showed a reduction in Hb values from the first to third trimester, except Huancavelica, where a 0.23 g/dl increase was observed from second to third trimester. These data suggest that large numbers of women did not take iron supplementation. Daily administration of iron supplementation may result in an increase in Hb values (Ͼ14.5 g/dl) in 11% of pregnant women, and this was associated with low birth weight and preterm births (5) .
One important unanswered question is why hemoglobin falls during pregnancy. We believe the changes in hemoglobin concentration are due mainly to changes in plasma volume (54) . Failure of the plasma volume to expand adequately can lead to restricted fetal growth, resulting in a newborn small for gestational age at birth (54) .
At the first trimester of pregnancy, blood and plasma viscosity are increased, and they subsequently fall with advancing gestation (22) , as a mechanism to avoid reduction in arterial uterine flow. This also occurs at HA (60) . A drop in viscosity would thus promote efficient blood flow within the placenta and vice versa (54) . Pregnancy at high altitude compared with sea level is characterized by increased blood viscosity as a result of increased hemoglobin and plasma viscosity (23) . This will decrease uterine arterial flow resulting in low birthweight (21) .
Our second important finding was an adverse effect of high vs. low altitude, independent of hemoglobin level. We believe that differences in the oxygen-carrying capacity may partly explain the effect of altitude on perinatal outcome.
In Peru, others have observed that elevation in arterial O 2 saturation offsets the pregnancy-induced fall in hemoglobin concentration, so that arterial O 2 is preserved at nonpregnant levels. The Peruvian women with the greatest rise in ventilation and ventilatory sensitivity to hypoxia produced the heaviest birthweight infants, suggesting that maternal arterial oxygenation was an important determinant of fetal growth (35) . An increase in hypoxic ventilatory response may be an important contributor to increased maternal ventilation with pregnancy and infant birth weight at high altitude (38) . Babies with heavier birth weights were born to Andean women with higher ventilation during pregnancy (33, 60) .
Another mechanism through which high hemoglobin values might affect growth is the development of preeclampsia (41, 54) . Some authors found higher preeclampsia rates at high altitude (24, 45, 59) . Surprisingly, we do not find differences in gestational hypertension between mothers from LA and HA.
Populations residing at HA may have health, social, and communication infrastructures less developed than those residing at LA, particularly in Lima, the Peruvian capital. The Lima metropolitan area has lower percentages of poor and extremely poor population: 37.1% and 4.2%, respectively, compared with the respective figures at HA of 7.1% and 34.1% (46) . Maternal education was the only variable we had to control for socioeconomic status. Therefore, we cannot exclude the possibility that residual confounding by socio-economic status (SES) could explain the increased risk of adverse reproductive outcome at HA. However, it should be noted that low maternal education, while statistically significant, generally resulted in odds ratios less than 2.0 (particularly for preterm and SGA), and this may indicate the SES is not an overwhelming risk factor, so that residual confounding by SES is not likely to be able to explain the high risk for HA vs. LA (ORs of 3.9, 1.7, and 2.3 for stillbirth, preterm birth, and SGA, respectively). There are studies indicating that low SES is not the cause of the altitude-associated reduction in birth weight (20, 15) .
All hospitals studied are located in urban cities and in the capitals of their respective departments. However, using the low altitude population in Lima as a referent has the advantage that Lima is the capital of Peru and may offer better medical care. It is possible that this difference may explain differences in the birth outcomes between LA and HA populations after maternal hemoglobin values have been controlled. More intrapartum stillbirths were observed at HA (13.6%) than at sea level (8.05%). In developed countries, intrapartum stillbirths comprise less than 10% of all stillbirths (28) . When intrapartum stillbirths occur, they likely represent inadequate access to, or poor quality of, essential obstetric care (51) .
Perspectives and Significance
It is important to determine risk factors associated with adverse perinatal outcome, like stillbirths, preterm birth, and small for gestational age. Our data show a U-shaped curve of increased risk of adverse outcomes at very high and very low hemoglobin levels; the increased risk at low hemoglobin levels did not differ between low-and high-altitude births. Results from the present study demonstrate that high maternal hemoglobin values in high-altitude populations are associated with adverse perinatal outcomes, suggesting that an increase in hemoglobin during pregnancy at high altitude is not adaptive. We also found an adverse effect of high vs. low altitude, independent of maternal hemoglobin levels.
